Background: Cognitive impairment is common in the hip fracture patient population, yet few studies of functional recovery include this subgroup. The objective was to determine whether baseline cognition was a determinant of the rate of functional recovery over 6 months after hip fracture. Methods: A consecutive cohort of 383 patients 65 years or older who were treated for hip fracture within a Canadian health region were grouped on cognitive status. Participants with Mini-Mental Status Examination scores <18 at 3-5 days postoperatively were classified as cognitively impaired. Primary outcome was the Functional Independence Measure. Interviews were completed within 5 days postoperatively (baseline), 1, 3, and 6 months postoperatively. Linear mixed modeling examined the pattern of recovery and the effect of cognitive status. Results: Of the 383 participants, 104 (27%) had Mini-Mental Status Examination scores of less than 18. The effect size for changes in the FIM over 6 months was large for those without cognitive impairment (effect size = 2.3) and smaller for those with cognitive impairment (effect size = 0.9). After adjusting for age, gender, proxy respondent, and fracture type, participants with impaired cognition recovered more slowly, never attaining comparable levels with those without cognitive impairment. The 6-month health status for the cohort was substantially lower than the health status of age-gender-matched, community-dwelling adults. Conclusions: Patients with cognitive impairment who fracture their hips recover more slowly and achieve less functional recovery. Recovery is not uniform nor is it linear over the initial 6 months. The diversity of patient needs should be recognized postoperatively so that long-term recovery is optimized.
Hip fracture represents a global burden as the risk rises exponentially with age and is associated with decreased bone density and increased propensity for falls (1) (2) (3) . Functional recovery after hip fracture is poor and the recovery process can last 2 or more years (4) . Approximately 50% of patients do not return to their prefracture functional status (5) . A number of factors affect functional recovery after hip fracture (6) including older age (7), multiple chronic conditions (8) , depression (9) , type of fracture (10) , social support, and cognitive impairment (7) .
Patients with cognitive impairment constitute a significant proportion, anywhere from 13.5% to 61%, of the hip fracture population (11) (12) (13) ), yet they are frequently excluded from studies that examine functional recovery. Exclusion of patients with cognitive impairment is problematic when studying functional recovery after hip fracture (14) . Although cognitive impairment has been associated with poor functional outcomes (8, 15, 16) , cognitively impaired patients benefit from rehabilitation if they were mobile before fracture (17) . Patients with cognitive impairment, however, are more likely to be admitted from long-term care facilities and discharged back to long-term care facilities once deemed medically stable in acute care. Further complicating matters include limited access to rehabilitation services in long-term care facilities (18) .
Although the pattern of recovery after hip fracture has more recently been evaluated, it is unclear whether cognitive status affects the rate of functional recovery (4, 19) . Knowing the pattern of recovery and clinical features that affect recovery will help clinicians monitor and institute services at the appropriate time periods during recovery after hip fracture. The objective of this study was to determine whether baseline cognition was a determinant of functional rate and extent of recovery over 6 months after hip fracture. Secondary objectives were to characterize the pattern of recovery after a hip fracture using functional and health status measures and to compare health status of this cohort with the general population.
Methods
This was a prospective longitudinal study consisting of an inception cohort of patients residing in a Canadian health region who were admitted to either of two tertiary hospitals with a primary diagnosis of hip fracture (ICD-9-CM codes 820.0-820.9) for surgical fixation of the fracture. Exclusion criteria consisted of those patients who (a) had a pathological fracture arising from an underlying bone disease other than osteoporosis, (b) refractured their hip within the past 5 years, (c) had a hip fracture following high velocity trauma, or (d) did not speak English or did not have an available proxy respondent who spoke English. Four patients did not receive surgery for their hip fracture and were excluded from the study. A trained research assistant identified eligible participants through daily review of orthopedic service admission records. A proxy respondent was identified for patients who had Mini-Mental Status Examination (MMSE) scores of less than 18. A family member responsible for providing daily care or a person in frequent contact with the patient was recruited as a proxy respondent. For those patients who had cognitive impairment and were admitted from facilities such as long-term care, assisted living, other acute care hospitals, or rehabilitation centers, the proxy respondent may be a paid caregiver who was familiar with the daily activities of the patient. Proxy caregivers were asked to answer the questions as they perceived the health status of the patients. Earlier work supported the use of proxy respondents to evaluate function and health-related quality of life (HRQL) in hip fracture (20) .
All patients were treated using a regional care pathway that included mobilizing patients on Day 1 postoperative (21) . Baseline interviews were completed in-person for patients whereas proxy respondents were interviewed either in-person or by telephone. Baseline was defined as within 5 days after surgery rather than using recall of prefracture status. To evaluate the trajectory of postoperative to 6 months, a trained interviewer, who was a health professional not involved in direct care of the patient, interviewed patients and proxy respondents to report current functional and health status. Follow-up interviews were completed at 1, 3, and 6 months after surgery by telephone.
Standardized medical chart reviews extracted surgical and perioperative information regarding the type of fracture, surgical fixation, and the number and type of in-hospital complications (wound infection, dislocation, manipulation under anesthesia, cardiorespiratory, peripheral/central nervous system involvement, urinary infection, acute confusion, blood loss requiring transfusion), and other relevant medical information. Hospital length of stay and discharge location were also extracted. Ethics approval was obtained from the University of Alberta Health Research Ethics Board.
Measures
The Functional Independence Measures (FIM) is a measure that assesses the amount of assistance required to complete activities of daily living (22) . The overall score ranges from 18 to 126 points with a higher score representing greater independent function.
A difference or change of greater than 10 points is considered clinically meaningful, although this difference has only been defined in stroke survivors (23) . We used this criterion because no clinically meaningful difference has been defined for the FIM with hip fracture.
The MMSE is a cognitive screening instrument (24) that is reliable and valid as a screening instrument for cognitive status (25) . Cognitive impairment was defined as MMSE scores less than 18 (26) . The agreement between the telephone version and the original version of the MMSE is considered good (Pearson's r = .85; p = .001) (27) .
The Health Utilities Index Mark 3 (HUI3) is a generic health questionnaire based on a generic multiattribute preference-based system (28) . It consists of eight attributes: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain. The scoring function for HUI3 is based on preferences scores obtained from random samples of the general population. Generated scores are anchored at the all worst HUI3 state = −0.36 to dead = 0.00 to perfect health = 1.00. A difference of 0.03 or more is considered clinically meaningful for overall HUI3 scores. Earlier work has examined the validity of the HUI3 in patients with hip fracture (29) . To provide a comparison of health-related quality of life of this cohort with the general population, the overall HUI3 scores of the cohort were compared with the general population matched on age and gender. The population mean values of the overall HUI3 scores were obtained from Statistics Canada for community-dwelling older adults (30) .
A numeric rating scale (11 point) was used to rate hip pain with 0 representing no pain and 10 extreme intensity of pain. The validity of the numeric rating scale is well documented (31, 32) and clinical importance improvement was considered a decrease of 2 points (33).
Depressive symptoms were screened using the Center for Epidemiologic Studies Depression scale (CES-D) (34) . Using the CES-D cutoff score of ≥16 has been shown to have high sensitivity (100%) and specificity (88%) for depression in the previous month in a community-based sample of older adults between the ages of 55 and 85 years (35) .
Comorbid conditions were identified from a list of predefined comorbid conditions obtained from the Charlson Comorbidity Index (36) and the Canadian National Population Health Survey (37) . The specific comorbidities were derived from self-report and/or admission conditions listed in the hospital chart. Collecting comorbidities from these two sources is advantageous in that hospitalbased comorbidity measures perform better in predicting variables of health service utilization, and self-reported comorbid conditions better predict health-related quality of life outcomes (38) .
Statistical Analysis
Summary statistics and univariate analyses were performed. Effect sizes (ESs) were calculated for the FIM: change score divided by the baseline standard deviation. A positive value for the ES indicates improvement over the time interval, whereas a negative value indicates deterioration.
Linear mixed modeling was used to examine the pattern of recovery for FIM over the four time points (baseline, 1 month, 3 months, and 6 months postsurgery) because nonlinear equations provided the best fit for predicting FIM scores over the 6 months. The square of time was included as an estimate of change in the recovery rate because of the quadratic relationship over time for FIM scores. The model had two levels, which consisted of one level for the withinindividual change over time and the other for between-individual differences in change over time. Linear mixed modeling also allowed us to use available data at each time period unlike repeated measures analysis that requires complete data sets over all time periods. In the final multivariable linear mixed model, all those variables with a p value of less than .05 or clinically important variables, such as age, gender, and proxy respondent, were kept in the model regardless of their statistical significance. A few interaction terms were tested, such as prefracture residence and cognitive status, age and gender, and gender and proxy respondent, but excluded from the final model because all the interactions were not significant (p > .05). Statistical analyses were performed using SPSS version 22.0. All statistical testing was performed with two-tailed tests (p < .05).
Results
Of the 383 patients enrolled in the study, 104 (27%) had cognitive impairment at baseline (MMSE < 18; Table 1 ). The cognitive status of all, except three, participants with baseline impairment did not change over time. Participants with cognitive impairment were older (83.9 SD 7.0 years) than participants without cognitive impairment (81.3 SD 7.5 years; p < .001; Table 1 ). A larger proportion of participants with cognitive impairment were admitted from institutional facilities (79, 76.3%) than those without cognitive impairment (90, 32.4%) who were more frequently admitted directly from the community (p < .001). Of the 104 proxy respondents, 78 (75%) were female, 97 (93%) were relatives or friends of the participants, and 94 (94%) felt they knew the participant's health status "well."
Although the mean number of comorbidities was similar between the two groups, the group with cognitive impairment had a higher proportion of depression (89, 88.1%) as compared with the group without cognitive impairment (98, 35.6%; p < .001). The proportion of participants with depressive symptomology (CES-D ≥ 16) decreased over time from 50% (n = 187) at baseline to 27% (n = 104) at 1 month, 24% (n = 94) at 3 months, and 21% (n = 81) at 6 months. No group differences were seen in terms of type of hip fracture, fixation, and type of anesthesia. Nonetheless, the group with cognitive impairment had more postoperative complications (46, 44.7%) than the other group (81, 29.0%; p = .004). The median length of stay in acute care was 10 days and 92.7% (n = 355) were discharged to another facility. The 6-month mortality was 47 of which 16 (34%) deaths occurred within the first 30 postoperative days. A higher proportion of deaths at 6 months were seen in patients with cognitive impairment (24, 23%) than the group without cognitive impairment (23, 8.2%; p < 0001). Table 1 Pattern of Recovery
The FIM total score within 3-5 days after surgery for the cognitively impaired group was 36.0 (SD 14.5) and improved to 48.8 (SD 28.7) at 6 months (Table 2; Figure 1 ). These FIM scores were lower in comparison with the group without cognitive impairment in which the mean FIM score at baseline was 68.0 (SD 14.0) and 100.8 (SD 22.1) at 6 months. The ES for the FIM over 6 months was considered large for both groups although the change in the group without cognitive impairment (ES = 2.3) was a little more than 1.5 times of that seen in the group with cognitive impairment (ES = 0.9). The magnitude of ES was large from a clinical perspective given that an ES of 0.5 corresponds to approximately 10 points in the FIM. The ES decreased over time, 0.3 (1-3 months) and 0.1 (3-6 months).
Ambulatory status is also an indicator of recovery. Patients were asked the distance walked and the assistive devices they used to ambulate. At baseline, 71% of the group without cognitive impairment were walking indoors and using a walker, whereas, 59% of patients with cognitive impairment were unable to ambulate. At 6 months, 58% patients without cognitive impairment were walking one or more blocks and 48% were using a cane or ambulating independently. In comparison, 74% of the cognitively impaired group were walking indoors or unable to ambulate and 90% used either a walker or wheelchair at 6 months. Although the group with cognitive impairment reported a lower ambulatory status, they also reported less hip pain over the 6 months than the group without cognitive impairment (Table 2) .
When asked at each interview about the improvement seen since the previous interview, 60% (n = 151) of participants without cognitive impairment stated they felt there was no change in health status at 1 month since baseline (Figure 2 ). Thirty-four (46%) of the cognitively impaired group felt they were worse at 1 month as compared with 3-5 days after surgery. The majority of participants, regardless of cognitive status, felt there was no change between 3 and 6 months after surgery.
Overall health status as measured by the HUI3 was very low initially after surgery and showed improvement over the 6 months in both groups (Table 2; Figure 1 ). The overall HUI3 score increased over time, yet the scores were substantially lower when compared with the general population residing in the community (Figure 3) . The difference was almost sevenfold higher than the clinically important difference of 0.03.
Effect of Cognition and Other Factors over 6 Months Recovery
Nonlinear equations provided the best fit for predicting the FIM scores over the 6 months ( Table 3) . Influence of cognitive status was examined in the trajectories fitted for the FIM score after controlling for age, gender, residence prior to fracture, chronic conditions, baseline FIM, type of fracture, and proxy respondent. There was significant association between cognitive status and function in that the recovery pattern for participants with impaired cognition was less (−4.78 units) over time, never attaining levels comparable with those without cognitive impairment. Prefracture place of residency had an independent effect in that, regardless of cognitive status, patients admitted from institutional facilities (long-term care/seniors homes, and those patients who fractured in rehabilitation hospitals or acute care hospitals) had less recovery than patients admitted from home. The interaction term between prefracture residence and cognitive status did not meet statistical significance to be included in the final model (p = .89).The kappa of cognitive status and preadmission residence was low (0.37) indicating differing constructs in the model. Functional status immediately after surgery also predicted recovery over 6 months; patients with poor FIM scores immediately postoperative did not improve to levels comparable with patients with a higher FIM immediately postoperative.
Discussion
Participants with cognitive impairment had a slower rate of recovery over 6 months after hip fracture than participants without cognitive impairment. This slower rate was reflected at 6 months with substantially lower function and health status than participants without cognitive impairment. Overall health of participants with hip fracture regardless of cognitive status was much lower when compared with the health status of older adults in the community. Initial Notes: CES-D = Center for Epidemiologic Studies Depression scale; IQR = interquartile range; MMSE = Mini-Mental Status Examination. All results are reported based on known data. Most missing numbers are 2% or less except for education (noncognitive impairment group 1.1%, cognitive impairment group 20.2%), depression (noncognitive impairment group 1.4%, cognitive impairment group 2.9%), glomerular filtration rate (noncognitive impairment group 17.9%, cognitively impaired group 23.1%), and discharged status (noncognitive impairment group 1.4%, cognitive impairment group 9.6%).
*Prefracture facility included long-term care facility, seniors home, rehabilitation hospital, or acute care hospital.
recovery was also poor for participants with cognitive impairment who had higher number of in-hospital complications and higher mortality in spite of comparable number of comorbid conditions as those with no cognitive impairment. Of those participants with cognitive impairment who survived, their cognitive status did not change over the 6 months, that is, they remained classified as having cognitive impairment. After adjusting for age, gender, residence prior to fracture, chronic conditions, baseline FIM, type of hip fracture, and proxy respondent, cognitive status had an independent effect on the pattern of functional recovery. Although few studies have examined the pattern of recovery after hip fracture, the pattern of recovery is nonlinear with the greatest gains achieved within the first 1-2 months (4,39) and slower recovery occurring over the next 4-5 months. Others have reported continued improvement over 12 months in certain subsets of patients (19) . This study quantified the degree of recovery in terms of the ES and overall health compared with the health status of the general population when matched on age and gender. Although the improvement, in terms of ES, over the 6 months is considered large, the health status relative to the general population was substantially lower.
While many studies have excluded patients with cognitive impairment, approximately 30% of the hip fracture patient population has cognitive impairment. Others have called for this subset of patients to be included when evaluating hip fracture (14) . Patients with mildto-moderate cognitive impairment can reliably rate their own health (20, 40) . A concern of including patients who are unable to respond on their own behalf is the use of proxy respondents. Earlier work of ours suggested that proxy respondents can provide reasonable information for function and overall health; however, better agreement is seen on those observable domains such as ambulation than for less observable domains such as pain or emotional well-being (20) . Even after the use of proxy respondents was adjusted for within the model, cognitive status had an independent and large effect on functional recovery.
The findings from this study provide further contributions to the growing evidence of functional recovery after hip fracture. First, a statistical model was developed based upon the pattern of recovery over 6 months after hip fracture. Recovery is not uniform for all nor is it linear over the initial 6 months. Others have also identified subsets of hip fracture patients with different needs (4, 19) . Our findings showed that a subset of patients with cognitive impairment recover more slowly and can be readily identified during the acute care phase so that support services can be implemented over the long-term recovery. We identified that cognitive status had a large significant effect while the type of fracture and a past history of circulatory disease/ stroke also affected the rate of recovery. Treatment across the continuum of care should target these subsets of patients to optimize functional recovery. More specifically, identification of patients with cognitive impairment at hospital admission for hip fracture would allow targeted intervention strategies to be readily implemented to maximize functional recovery.
The second contribution is that health status was quantified relative to the general population matched on age and gender. To our knowledge, health status following hip fracture has not previously been compared with the general population. Although the ES of functional recovery was large over the 6 months, the health status was much lower than health in the community-dwelling reference group for both cognitive status groups with hip fracture. The use of a generic health measure such as the HUI3 permits comparison across different patient populations which has implications for health resource allocation and policy decisions. Moreover, values can be used as baseline or norm-based estimates against which the efficacy, effectiveness, or efficiency of interventions may be evaluated.
This study has limitations that warrant consideration. Cognitive status was measured using a general screening tool, MMSE, and did not specifically identify dementia or delirium. A high incidence of delirium is seen with hip fractures, yet pre-existing cognitive impairment is typically reported as an independent risk factor for delirium. The cognitive impairment seen in this cohort was persistent given that the majority of participants with cognitive impairment had MMSE scores lower than 18 for the duration of the study. Another limitation was the use of proxy respondents who were interviewed for patients unable to respond on their own behalf. These patients tended to be ones who had severe cognitive impairment or were too ill to be interviewed. Although interactions and collinearity among the independent variables were examined, inevitable confounding effects may have existed as the cognitively impaired group was frailer in terms of their overall health score and functional ability. Although agreement between patients and proxy respondents is reasonable, responses by proxy respondents were adjusted for in the final model.
Conclusions
The recovery after hip fracture is burdensome particularly for certain subsets of the patient population. Knowing that patients who have impaired cognitive status shortly after surgery will have both a slower recovery and less overall functional gains suggest that it may be useful to evaluate the effectiveness of rehabilitation strategies for this subset of patients.
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